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ABSTRACT 

The effects of a visual motor training program tba+ 
attempts to teach 5-year-olds the underlying cognitive structures 
used in copying geometric designs are assessed. The Design Board 
Program teaches the child a systematic method for analyzing complex 
two-dimensional graphic patterns. It is based on the theory that 
accurate replication of geometric designs depends on the child’s 
ability to view a design as though it was a construction of 
individual elements arranged on a matrix of vertical and horizontal 
coordinates. Ten children participated in the experiment, 5 of whom 
received training during the course of the year. Each child, in turn, 
attended daily training sessions, lasting 15-20 minutes, for an 
average of about 20 sessions. The five performance subtests of the 
Wechsler Preschool and Primary Scale of Intelligence were 
individually administered to all the children at six-week intervals-. 
The results, when the trained and non-trained children were compared, 
seem to support tne hypotheses that the Design Board training program 
has an immediate, positive effect upon the skills involved in copying 
designs, and that the effect is generalized to other psychomotor 
tasks. (PR) 




o 

- 3 - 

f<"\ 

CO 



U 8 DEPARTMENT OF HEALTH, ED JCATION 
ft WELFARE 

CrFICE C !* EDUCATION 
THIS DOCUMENT HAS SEEN REPRODUCED 
EXACTLY AS RECEIVED FROM THE PERSON Oft 
ORGANIZATION ORIGINATING 11 POINTS OF 
VIEW OR OPINIONS STATED DO N'rT NECES 
SAR LY REPRESENT OFFICIAL OFFICE OF EDU 
CATION POSITION OR POLICY 



o 

Q 

UJ 



Effects of Design PoarJ Training on the Performance Scale and Subtest ^ 
of the Wi PS I 



Jerome Rosner 
Sheila Levine 
Dorothea P. Simon 



CO 

/H 

^r 1 

O 

o 

o 



Learning; Research and Development- Center 
The Uni vert It; of rittehuv'-h 
Pitt shurt h , Pennsyl van i a 



& 

Eh 

o 

ERIC 



September, 1970 



i 



Effects of Design Board Training on the Performance Scale and Subtests of 
the WPPSI*~Rosner (l) 



One indication of a child’s visual -motor development is his 
ability to copy geometric designs. Oesell (iQ^l), Starr (1961), and 
others have published data supporting the hypothesis that copying skills 
are a function of chronological age. The Wechsler Preschool and Primary 
Scale of Intelligence (WI'PSl), (Wechsler, 1967)5 contains a copying 
subtest, suggesting that insights to a child’s mental age also nay be 
gained from evaluating his capacity to .reproduce certain geometric 
designs. Jensen (1969) scorns tc be supporting the importance of both 
chronological and mental age in the statement: "the child of five who 

has been taught to copy the diamond seems to have learned something 
different' from what the seven-year-old 'knows 1 , who can do it without 
being ’taught 1 . Though the final performance of the five-year-old and 
the seven-year-old may look alike, we know that the cognitive structures 
underlying their performance are different." 

The purpose of the present study was to assess the effects of a 
visual-motor training program that attempts to teach five-year-olds the 
underlying cognitive structures, the analytical decoding and encoding 
skills, used in copying geometric designs. r jVo questions were asked: 

1 ) Tc what extent can training improve a child’s copying skills? 2 ) What 
is the effect of the training on other psycho-motor behaviors that have 
been identified as containing cognitive factors. 

* The authors acknowledge the coop oration of Dr. Malcolm Trovos, Director 
of Research of the Pittsburgh board of Public Education, Mr. Lawrence 
Eleski, Principal, and Miss Carolyn Miller, teacher at the elementary 
school at which this study was conducted. Without their full cooperation 
this experiment would not have been possible. 
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Effects of Pesirn I'-^nrd Tral ni ng — Fosn :r ( ?' ) 

Training Program 

The board Program {Ron nor, 1969) is based on the rationale 

that accurate replication of geometric designs depends upon the child's 
ability to view a design a.s though it was a construction of individual 
elements arranred on a two dimensional matrix of vortical and horizontal 
coordinates. The rro ; -n::i b<--“ins by rrosertirr to the child very simple 
designs, printed on mutr'ccs for which the coordinates arc explicitly 
indicated. Tiic child rer reduces the *}•: si '"ns on notching matrices, 
stretching rubber lands on o per board. Ar skills are acquiree, additional 
coordinator are intri-hic.-d into t.h<* matrix, more complex designs are 
presented anl a matching printed matrix, uron which the child draws the 
reproductions, replaces the per board and rubber bands. Finally, the 
coordinates of the matrix are gradually faded and the child is taught to 
"imagine " their presence. That is, ho is taught to view nnd copy the 
design as though the coordinates of the matrix were present. Figure 1 
shows six representative levels of the program. Pattern 1-a is representa- 
tive of a beginning level. Pattern 1-f in representative of one of the 
to rw i n al ob.i ect ivc s . 



Insert Figure 1 

The training program's major purpose is not to teach the child to 
draw specific geometric shares. Rather, its overall objective is to teach 
visual analysis and synthesis skills; visual-motor behaviors that may be 
generalized to a variety of situations, including the copying of geometric 
designs . 
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Effects of Design Board Trairi nm — Drvrev ( 3 ) 

F sy ch omo tor Sk ills To a t 1 ng 

The VIPPPI j s composed of a battery of tests designed to appraise 
the mental development, of )*- to 0-y oar-old children. Both verbal and 
performance subtest g at*'- included. The verbal tests are based on the 
child. r s knowledge of '’oeabul ary , arithmetic, similarities ( c at or or ies ) , 
the ability to reason : a certain situa* L-ns , ar.-l general information. 

The* performance tests prebe the chili's ability to solve visually pre- 
sented problems: copying geometric designs, a coding task (Animal House), 

pencil and paper iiav.es, fjock Design construct! ons , and a Picture 0 om- 
elet ion test. 0*' the live performance sue test 0 , only Picture Completion 
appears to contain n factor dependent upon prior knowledge and is the 
only one of the five th*it requires a verbal rather than a visual-motor 
response. The other four tests depend upon the child's ability to use 
existing visual information to develop strategies for solving structured 
problems. 

The VJFP5I Performance subtest:; provide a convenient method for 
assess ing certain psychomotor skills that have been related to general 
intelligence. The Design Board Program teaches the child a systematic 
method for analysin'* cone! ex two-dimensional graphic patterns. It was 
predicted, thorofo: , that children who vf re trained would produce higher 
WFPSI Geometric Design subtvst scores than those vho had r.ot been trained. 
It was anticipated vlro that, sin:e the De s i ■; n Do a r d Fr o r r f . . m aims at 
teaching skills that '•an be geneva L > 7 '-d, gains may be expected not only 
in the copying subtort, but in other subtexts as veil. 
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Resign hoard Trninin g — ' 3 'v nov (JO 



METHOD 



Subject s 

The subjects, tv r o ;;irls and eight boys, were enrolled in the 
kindergarten of an cl^mr-ntaiy school in Pittsburgh. At the time of 
the first testing ( Pec ember , 1969), they ranged in age from 5 years, 

1 month to 5 years, 9 Months. T h* median a;j> . was 5 years, 4 months. 

All were given the performance subtesto of the VPPSI. Their scaled 
scores ranged from hO to 58 , (menu = 59.8; S.D. - 6.6) placing them in 
the "average" category according to V/echsIer’s designations. 

Research Design 

A multiple baseline research design, as described by Revusky 
( 1967 ), was modified for the purpose of this experiment. This design, 
developed especially for experiments with irreversible consequences, 
requires that baseline data initially be obtained from each subject. 
Experimental treatment is then administered to one subject, chosen at 
random. The subjects who do not receive experimental treatment serve as 
controls. The entire group is retested at the completion of the treat- 
ment period, A second subject, again randomly selected, is then pro- 
vided wit the experimental treatment, the remainder of the untreated 
subjects continuing to serve as controls. Measures are repeated a! the 
completion of a second treatment foriod. The procedure is repeated for 
the third, fourth, etc., subjects- until everyone in the sample has 
received the treatment. "The statistical Method involves ranking the 
scores in each subexperiment; the rank of the experimental subject is the 
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Kf foots of Design hoard Training — Rosncr 

rank outcome of the subexperiment. The statistic, R n , is the sum of 
the rank outcomes of the experimental subjects in each subexperiment 
(Revusky, 1967 ) . In this study, subjects who were not receiving the 
experimental treatment received no alternative treatment. 

Trai ning 

In accordance with the research design, one child v^s randomly 
selected for training. Daily training sessions, lasting 15 to £0 minutes, 
were conducted by one of the authors in a separate room within the school 
building, while the other children remained in their classroom. The 
training period ranged from 15 to 22 daily sessions, with an average of 
about 20 sessions. 

V/hen the initial experimental subject had achieved the terminal 
behavior cf the Dc sign Boo rd Prog r am , all subjects were retested with the 
same 1-/PPSI performance subtests. A second subject then was chosen at 
random from the remaining nine children and the training was repeated, A 
total of five children were trained, following this design. Every child 
achieved the terminal behavior of the Design Poard Program except the 
last, Subject Cr. In this instance, summer recess commenced before the 
terminal objective was completely achieved. 

Testing 

The five performance subtests of the WPPSI were individually 
administered at one sitting; all testing was done by one person (not the 
trainer). All ten children wore tested (except in Measure 5 wh^* two of 
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Effects of Design Board Tiviini ng--Rosner (b) 



the non-trained subjects were not available for testing) five times 
between December, Y)C 9 , and June, 1970, at approximately 6 -week intervals.* 

Results 

Table 1 shows the rank outcomes of each subexperiment and the R 
values for each V/FPST sub test, as veil us for combined totals. These 
data indicate, for example, that the percentage of change from baseline in 
the subtest scores of the trained subject in the first subexneriment ranked 
3 among the 9 in Aninal House and Picture Completion. This same subject, 
however, demonstrated the highest percentage of change within trio group 
(rank outcome = 3 ) , in all of the other subtests as well ns the combined 
totals listed under subexperir.ont 1. 

The second sul experiment data refers to the four subjects not 
trained in the first segment. The rank outcome of 2, shown in the Animal 
House row, indicates that the trained subject of that subexperiment 
showed less change in that subtest score than two of the three control 
subjects, Similarly, the rank outcome of 2 in the third subexperiment 
indicates that the Animal House score of that trained subject showed 
more change than only one of the two remaining control subjects. The 
data of subexx'eriment H of that same svbtest indicates that the trained 
subject shoved less change in scale score than did the one remaining con- 
trol* The last subexperiment automatically yields a rank outcome of 1 
in that only one subject remains; the other four had already been trained. 
The R n value of 9> the sum of the five subexperiments ’ rank outcomes, is 
not statistically significant. Higher, but still not significant, R n 
values are shown for Picture dcmplotion. Mazes and the 5 rubiest total. 

* VfpPoI subs " ; .ores, of the if) is nr--- avai lab] r from author upon request. 
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Effects of Design Board Training-- Conner ( r f) 

The Geometric Design value of 15, significant at the .01 
level, indicates that the trained subject of each subexperiment always 
ranked highest in percentage of change as determined by testing immediately 
following the treatment. Significant results (.05) are also shown in 
the Block Design subtest and the H subtest total, omitting Picture Com- 
pletion data. This latter computation was performed because the Picture 
Completion subtest is the only one of the five that does not sample visual- 
motor behavior. 



Insert Table 1 



Comparisons with Non- Trained Children 

The Pevusky design offered no opportunity to study the longer 
term effects of training. To answer questions regarding the retention 
and generalization of skills, we compared the data of the trained (E) and 
non-trained (c) group. As described above, five children received 
training, five did not. Table 2 shows the mean scale scores of both 
groups at the initial (M— 1 ) and final Ci-5) measures and the t -value 
representing the intra-group changes that occurred between M-l and M- r 
As shown, the scores of Group E changed si gni f icantly in all subtests 
but Animal House, and in Total Scale, The scores of C changed significantly 
in only two subtests. Picture Comolet * on and Block Design, 

Insert Table 2 
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Effects of Design Hoard Train im:-~r>osncr (o) 

Figure 2 illustrates the changes in the mean scale scores of 
E and C as listed in Table 2. The consistently steeper slope of E is 
obvious in all of the subtests as well as the total. As shown, C's 
initial mean scores were higher than those of )$ in four of the six 
graphs. In only one cf these (Mazes) does C remain ahead at Measure 5, 
and even here the slope of F*s change is appreciably steeper. In the 
two graphs where E f s mean scores were higher at M-l, the gap between 
the two groups is much wider at M-5- The Geometric Design graph is 
particularly interesting. The mean score of the control group is pre- 
cisely the same at M- 5 as it was at M-l. These are, as noted, scale 
scores. Hence, although the copying skills of C may well have improved, 
it was only at the rate predicted by the scoring scale of the test. 

Insert Figure 2 

The differences between groups at M-5 also were calculated with 
an analysis of covariance, treating the M-l scores of E and C as covariate 
Ho significant differences were shown in any of the individual subtests. 

A significant difference, however, (F = 10. 76; df = 1/7; p < .05) was 
shown between E and C in their M-5 full scale totals. 

Discussion 

Before proceeding with the interpretation of these results, it 
must be noted tnat changes in score, sometimes quite large, are normally 
found on WPPSI retest. Wechsler (1967) reports that "Of the 50 children 
[in a WPPSI retest study] one half gained from 0 to 9 Full Scale IQ points 
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Effects of Design Board Training — Rosner (?) 



on retesting, and the remaining half of the sample vas divided about 
equally between those who lost IQ points on retesting and those who 
gained 10 points or more." The data reported here tend to support this 
statement. Wechsler does not provide information regarding the effect 
of closely sp' ced, repeated testing such as vas carried out in this 
experiment. 0u" results, therefore, cannot be viewed as scores that 
retain predictive v^^dity insofar as the assessment of intelligence is 
concerned, nor are they to 1 r considered as a judgment of the reliability 
of the VJPF31 performance scale. Father, these data are important only 
because they provided a means for measuring the apparent effect of 
training upon the psychomotor skills of a sample of 5-year-old children* 

The problems of learning from repeated testing, and of training 
behaviors that are related to normal development, are very apparent in 
this study. For example, one subject in the non-trained group demonstrated 
markedly improved skills without training. Certain effects of training 
seem to be evident, however, despite the vulnerability of: (l) the test 

items to practice, and (2) the sensitivity of the test statistic R n . 

The P-'Vusky design is a demanding one. It imposes strict con- 
straints. Very little leeway is provided in attaining a statistically 
significant value, since not only must change occur consistently — it 
must be evident immediately following the treatmert and be of sufficient 
magnitude to affect intra-group rankings. As discussed above, signifi- 
cant changes were shown in Geometric Designs, Block Designs, and the four 
subtest total that omits Picture Completion, indicating that the training 
did have an immediate affect on copying skills and that the effect was 
generalized to other visual-motor tasks. 



10 



Effects of Design Board Training — Rosner (10) 



This also appears to be indicated by the intra- and inter-group 
comparisons within and between E and C. Admittedly no substantive con- 
clusions can be drawn from the data illustrated in Figure 2, albeit that 
E f s scores consistently improved more than C’s between 11-1 and M-5* 
Nonetheless, the consistent pattern of change shown in each of the sub- 
tests strongly suggests that the two groups were much less alike at the 
conclusion of this study than they had been at M-l. Referring again to 
the Geometric Design graph, the stability of C’s scores show's that copying 
skills are not as susceptible to change from repeated testing as are 
some of the other behaviors sampled by the wTTSI subtests. This was also 
noted by Vfechsler in his test-retest reliability data. Implicit in such 
an observotion is an acknowledgment that the improved copying skills of E, 
given that the test items were not taught specifically nor approximately, 
are evidence of the power of the training program in teaching something 
more than the ability to cop;, designs. 

Finally, the analysis of covariance of the full scale scores of E 
and C, as mentioned above, indicates th- t the two groups, relatively alike 
at M-l (t = 0.^5; d f = 8; p = IT.S.), were indeed different at the con- 
clusion of the study in more than the single sub test of Geometric Designs. 

Gone Fusion 

The hypotheses on which this study was based seem to bo supported: 
(l) Tie Design Board training program he s an iijimediate, positive effect 
upon the skills involved in copying designs, and (2) The effec; is gen- 
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Effects of Design Board Training — Posner (ll) 

The study provides strong support for a method for teaching 
analytical psychomotor problem solving strategies to 5-year-old children; 
strategies that may he applied in a variety of situation.. . Teaching a 
pre-school child to analyze and reconstruct concrete visual data in a 
reliable manner may not increase his "intelligence, M hut one can argue 
strongly that it does provide Iiin with an organized method for processing 
pre- symbolic visual information. This, in turn, should result in more 
efficient handling of those visual data as required for coding and 
recoding at a symbolic level. Hence, although the child nay not "know" 
more, his capacity to receive, order and relate visual information — 
cognitive st rue tit re s u nd erlvi no p e r f ormance — wi 11 be enhanced . 
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Table 1 

Subexperiment Rank Outcomes and R n Values 
for 5 vJPPSI Subtests and Combined Totals 



Test 


Rank outcome of 
Experimental S in 
each subexperiment 


Value 


Signi ficance 
Level 




1 


2 


3 


k 


5 


Animal House 


3 


2 


2 


l 


1 


9 


N.S. 


[Picture Comnleti.ni 


3 


3 


2 


l 


3 


10 


N.S. 


Mazes 


5 


3 


3 


1 


] 


13 


N.S. 


Geometric Desirns 


5 


h 


3 


2 


1 


15 


.01 


Block Designs 


5 


h 


3 


1 


1 


ih 


.05 




5 Sub test Total 


5 


h 


9 


3 


1 


13 


N.S, 


Sub tost Total 
(minus Pic, Com,) 


5 


h 


3 


1 


3 . 


1*4 


. . .05 
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Table 



Moan fnjfbtent and Total ocru* Score? for Groups G and E 
at M-a^ure ;• 1 and *;. 
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Figure 1 

Representative Levels of Design Board Program. 




